Objective: To assess physical activity and energy expenditure and to identify their correlates during adolescence and early adulthood. Design: In a cohort study, total energy expenditure (TEE) and physical activity level (PAL) were assessed at 15 and 21 y from a 7-day activity diary and predicted BMR. The influences on TEE and PAL of body size, gender, sexual maturity, physical activity habits, sitting time, region, social conditions, employment, food habits, smoking and alcohol intake were examined in multivariate analyses. Subjects: 71 male and 89 female subjects, living in two socioeconomically different regions of Sweden, a university region and an industrial region. Setting: The university city of Uppsala and the industrial town of Trollhättan. Results: At both 15 and 21 y, PAL and TEE were high, with gender, sitting time and physical activity habits as main correlates. At age 21 y, employment and the mother's educational level also appeared as significant correlates. The relations between the main variables and their correlates were more complex than at age 15 y, and the sitting time was reduced and the activity habits were changed. Conclusions: A reduction of daily sitting appears to be a major reason why high levels of physical activity and energy expenditure were maintained from 15 to 21 y of age in spite of changed and less frequent activity habits during this interval. Sponsorship: Uppsala University, County Councils of Uppsala and Älvsborg and the Swedish Dairies Association of Research and Development.
Introduction
Regular physical activity in combination with a healthy diet and no smoking is of great importance in preventing chronic diseases (WHO/FAO, 2003) . In spite of efforts to achieve these goals, a worldwide epidemic of overweight and obesity accompanied by an increasing prevalence of chronic diseases such as diabetes type II, cardiovascular disease, hypertension and cancer is now a reality. WHO's global recommendations concerning diet, physical activity and health (WHO/FAO, 2003) include a reduction of the fat, salt and sugar contents of food together with increased physical activity in all people.
In Sweden, body weight (BW), body mass index (BMI) and the prevalence of overweight and obesity have increased not only in adults but also among children and adolescents during the last decades (Rasmussen et al, 1999; Petersen et al, 2003; Westerståhl et al, 2003) . The reasons behind this trend are complex and our knowledge is incomplete, but the fundamental cause of the development of overweight and obesity is invariably a disturbed energy balance, with an excess intake in relation to energy expenditure. The lifestyle in modern society often includes an adverse load on both sides of the scale, with a trend towards overeating and a more sedentary lifestyle. The question whether overeating or inactivity is the prime and main cause is controversial (Prentice & Jebb, 1995) . Further knowledge about changes in energy intake and expenditure in the population is required. Longitudinal studies of food habits and physical activity in children followed up into adulthood are very sparse. As far as we know, the present study is the first Swedish one to have addressed changes in food habits from adolescence to early adulthood (von Post-Skagegård et al, 2002) . In longitudinal investigations in Sweden (Engström, 1989) and Finland (Telama & Yang, 2000) , participation in sports and exercise has been found to decline during this period. Swedish studies of adolescentś physical activity based on energy expenditure, however, have been cross-sectional (Bratteby et al, 1997a, b; Ekelund et al, 2000) . The aim of the present longitudinal study was to assess the levels of physical activity and energy expenditure at the ages of 15 and 21 y, and to identify their correlates, in two well-defined cohorts of healthy adolescents.
Subjects and methods
Total energy expenditure (TEE), activity energy expenditure (AEE ¼ TEEÀ(0.9 Â basal metabolic rate (BMR))) and physical activity level (PAL ¼ TEE/BMR) were assessed from April 1993 to April 1994 on the basis of an activity diary and predicted BMR in 374 randomly selected healthy 15-y-old Swedish adolescents, 171 boys and 203 girls, living in two regions with a quite different socio-cultural setting. Uppsala, a university region (UR) located in eastern Sweden, with about 200 000 inhabitants, is an administrative and educational centre with two universities. Trollhättan, an industrial region (IR) and town, with large automobile and jet engine factories, located in the south-west of Sweden, has a population of 55 000. The selection procedures and a dropout analysis are described in detail elsewhere (Bratteby et al, 1997b) . Information about health at the age of 15 y was collected at medical examinations by four paediatricians who also classified the sexual maturity of the subjects into Tanner stages (Tanner, 1962) . Between February and June 1999, when the subjects were 21 y, we were able to reexamine only 160 individuals of the same cohorts, 71 male and 89 female subjects. This study presents results from these 160 subjects investigated at 15.170.1 and 20.670.3 y. The ethics committees of the Universities of Uppsala and Gothenburg approved the study.
Activity diary
Activity diary records were kept for 7 consecutive days by a method originally proposed by Bouchard et al (1983) and modified by our group (Bratteby et al, 1997a) . The activities were divided into nine categories according to their energy cost, representing multiples of BMR (physical activity ratios, PAR), from the lowest activity category, 1, during sleep or rest in bed, to the highest category, 9, during very intense to maximal manual work or sports activity. In the diary each day is divided into 96 periods of 15 min each. All 96 periods are represented by squares in the preprinted form, with four squares in each row representing 1 h. For each 15-min period, the subject enters into the appropriate square the categorical value corresponding to the dominant activity of that period. At the age of 15 y, each subject was given a detailed explanation and demonstration of how to use the activity diary. For practice, the subject completed a retrospective recording of the activities of the last 2 days. The record was then discussed with the investigators. At the age of 21 y, somewhat shorter instructions were given, since the subjects were then familiar with the form, but great care was taken to ensure that the instructions were interpreted identically at ages 15 and 21 y. Special emphasis was placed on the use of appropriate categorical values for different activities. After 7 days, the activity records were returned to the investigators, who scrutinised and, if necessary, supplemented them after discussion with the subjects. The diary was accepted only when the subject had verified that the records presented his or her everyday activity habits. The activity records were preprocessed by summing up the number of time periods of each category. These results were then multiplied by the PAR value of each category and by the predicted BMR of the individual subjects calculated from the equations (Schoefield, 1985) : BMR ¼ 0.074*kg BW þ 2.754 MJ/day for boys 15 y, BMR ¼ 0.056*kg BW þ 2.898 MJ/day for girls 15 y, BMR ¼ 0.063*kg BW þ 2.896 MJ/day for male subjects 21 y and BMR ¼ 0.062*kg BW þ 2.036 MJ/day for female subjects 21 y. These individual energy values for energy expenditure of the different activity categories were then summed up to obtain the total energy expenditure of the subject. The activity diary-based estimations of TEE and PAL were validated by means of the doubly labelled water (DLW) method and indirect calorimetry in 50 adolescents, comprising a subsample of the 374 fifteen-y-old subjects. The mean difference between TEE estimated by the activity diary and that obtained by the DLW method was 1.2% and the limits of agreement (mean difference 72 s.d.) were À3.47 and 3.77 MJ/day, equivalent to a coefficient of variation of 15%. The mean difference between the PAL values assessed by the two methods was 0.001 ¼ 0.05% and the limits of agreement between the two methods were 70.54. The method and its validation have previously been described in detail (Bratteby et al, 1997a) . No further validation was performed on the estimates from the activity diary records at the age of 21 y.
Physical activity habits and socioeconomic conditions Both at 15 and at 21 y of age, all subjects answered a questionnaire concerning their activity habits, including Physical activity and energy expenditure in adolescents and young adults L-E Bratteby et al type and duration of transport to school or work, participation in physical education, and physical training and competitive sports in leisure time (Bratteby et al, 1998a) . Questions were also asked about their socioeconomic conditions, including their parentś education and their family's housing conditions.
Correlates of TEE, AEE and PAL Significant correlates of TEE, AEE and PAL reported in the current literature (cf. Sallis & Owen, 1999; Sallis et al, 2000) representing body size (BW, height, BMI), physical activity habits (type and duration of transport to school or work, duration of daily sitting, participation in physical education, membership of a sports club, physical training in leisure time, competitive sports), gender, region of domicile, socioeconomic conditions (educational level of the parents, housing conditions), food habits, smoking and alcohol intake were sought by bivariate correlation analyses. In the analyses of the 15-y-old adolescents Tanner stage, and at 21 y of age employment (including military service) were also included as independent variables. The significant covariates that were found in these bivariate correlation analyses were entered as independent variables in stepwise multivariate analyses with TEE, AEE and PAL as dependent variables at ages of 15 and 21 y. The changes in these correlates between ages 15 and 21 y were also used in multivariate correlation analyses as independent variables, with the changes in TEE, AEE and PAL as dependent variables.
Food, smoking and alcohol habits A 7-day record, validated by the DLW method (Bratteby et al, 1998b) , was used to study energy and nutrient intakes at the age of 15 y, and a food frequency interview was conducted both at 15 and 21 y of age. Information on smoking and alcohol habits was obtained by a questionnaire. All these methods have been described previously (Samuelson et al, 1996; von Post-Skagegård et al, 2002) .
Statistics
Standard statistical analyses were carried out, using the SPSS program version 12.0.1. The age effect was analysed with a paired t-test, and for analysis of the effects of sex and region of domicile a two-sample t-test was used.
The results are presented as mean, standard deviation (s.d.) and 95% confidence interval (95% CI). The responses to different questions in the questionnaires were analysed by the Chi-square test with Yates' correction. Po0.05 was adopted as the level of statistical significance.
In this study, only 160 subjects were re-examined at age 21 y out of those 374 adolescents who were investigated at 15 y of age. We examined the possibility of bias in the results concerning the key variables BW, height, TEE, AEE and PAL at age 15 y that might have been associated with the question of participation or nonparticipation at age 21 y. This was carried out in two ways: (1) by a two-sample t-test comparing the mean of each of the key variables at age 15 y in the participants and nonparticipants in the examination at 21 y and (2) by using logistic regression, according to the equation:
where y ¼ participating (1) or not (0) at age 21 y.
Results
When the results of the key variables from the study at 15 y of age were examined by stepwise logistic regression analysis with reference to participation or nonparticipation in the study at the age of 21 y, none of the independent variables entered the equation. Furthermore, no significant difference was found in the two-sample t-test.
Physical characteristics
The results of body measurements are given in Table 1 . No significant difference in mean weight, height or BMI was found between the subjects from the two regions, either at age 15 or 21 y.
Puberty development
At age 15 y almost 73% of the boys had reached Tanner stages 4-5, and 94% of the girls had had their menarche, with no significant difference in these respects between the regions. However, the 15-y-old girls in the IR were somewhat more advanced in their puberty compared to those in the UR (Lötborn et al, 1999) .
Socioeconomic background
Large differences were found between the parents' education in the two regions (Table 2 ). In the UR, 69.5% of at least one of the parents had university education, compared with 41% in the IR (P ¼ 0.0005). Living in a private house was, however, more frequent in the IR (91.0%) than in the UR (69.5%, P ¼ 0.0014). In the IR, people have by tradition lived in small and relatively inexpensive houses situated near the industries, explaining why more parents in this region than in the UR lived in houses despite poorer economy.
Physical activity habits
The results are shown in some detail in Table 3 . At 15 y of age, 70.6% of all boys and girls were members of a sports club, 83.7% walked or cycled to and from school daily and 64.4% were training regularly three times weekly for at least 20 min during their leisure time, with no significant difference between genders or regions. Participation in competitive sports at age 15 y was more common in the boys (57.7%) than in the girls (37.1%), with no significant difference between the regions. At age 21 y, the frequency of membership in a sports club was not significantly lower than at age 15 y in any of the subgroups, except among the female subjects from the IR. Walking or cycling to and from school or daily work was not significantly less frequent at the age of 21 y in any of the subgroups compared to that at age 15 y. Regular training was more common at age 21 y compared to 6 y earlier, with a mean frequency in all subjects of 82.5% (p ¼ 0.0003), but among the different subgroups it was significantly more frequent only in the female subjects from the UR. Participation in competitive sports decreased between 15 and 21 y, but significantly so only in the subjects from the IR. Table 4 gives the results of the TEE, AEE and PAL estimates.
Energy expenditure and physical activity level
The mean values of these three variables were significantly higher in the male than in the female subjects in both regions and at both ages. At the age of 21 y, TEE was significantly higher than at age 15 y in the male subjects of both regions, while AEE and PAL were higher only in the male subjects from the IR. In the female subjects, no difference between the ages was found in TEE, AEE or PAL in either region. When the two regions were compared, no difference in the mean TEE, AEE or PAL was found at age 15 y in either gender. At 21 y of age, however, significantly higher values were seen in both genders in the IR compared to the UR except for PAL, which showed no difference between the regions in the male subjects.
The mean values for TEE/BW and AEE/BW were significantly lower in the female than in the male subjects in both regions and at both ages. TEE/BW was lower at age 21 y than at age 15 y in both genders and regions. AEE/BW, on the other hand, was lower at age 21 y only in the female subjects from the IR. When the regions were compared, no significant difference in mean TEE/BW or AEE/BW was seen in the male or female subjects at the age of 15 y. At age 21 y, however, the female subjects of the IR had higher TEE/BW and AEE/BW compared to those of the UR.
Time spent in different activity categories
The mean time spent in the different categories of physical activity was very similar in male and female subjects, both at age 15 and 21 y, and few significant differences were noted. In contrast, when the results for the two ages were compared, large differences were observed both in male and female subjects (Figure 1a and b) . Compared with the findings at 15 y of age, at age 21 y, less time was spent sitting and, in the male subjects, also sleeping, and more time was spent in physical activities of low and moderate intensity. The differences in the times spent in different activities between the two ages were mainly attributable to the subjects living in the IR (Figure 2a and b) , while the male Physical activity and energy expenditure in adolescents and young adults L-E Bratteby et al and female subjects from the UR showed only minor changes with age in the time spent in different activity categories (Figure 2c and d) . The male subjects from the IR (Figure 2a ) spent time sleeping each day, on an average, 36 min less (P ¼ 0.0092) and sitting 121 min less (P ¼ 0.0001) at age 21 y than at age 15 y. Their time spent in activities of low intensity was significantly longer (121 min; P ¼ 0.0001) at age 21 y, while that spent in activities of moderate intensity was 61 min longer (P ¼ 0.0030). The time spent in activities of high intensity was 20 min shorter (P ¼ 0.0424) at the higher age. In the female subjects from the IR (Figure 2b ), the mean time spent sitting was 125 min shorter at the age of 21 y than at age 15 y (Po0.0001) and the times spent in activities of low intensity were 108 min longer (Po0.0001).
Correlates of TEE, AEE and PAL In the bivariate correlation analyses only the following significant correlates of TEE AEE and PAL were found at both ages: weight, height, physical activity habits, daily time spent sitting, gender, region and parents' educational level. These significant correlates were all included as independent variables in separate multiple regression analyses for 15-and 21-y-old subjects, with TEE, AEE and PAL as dependent variables. In the 21-y-old subjects, professional employment/ military service was also found to be a significant correlate and used as an independent variable. A significant correlation (P ¼ 0.0226) was also found between the sitting time at age 21 y and the mother's educational level.
In the 15-y-old adolescents, the stepwise multiple linear regression analyses showed (Table 5a ) that 71 and 56% of the variances in TEE and AEE were explained by the independent variables gender, BW, time spent sitting, competitive sports, regular physical training and region of domicile. In similar analyses with PAL as dependent variable, the same independent variables with the exception of BW explained 41% of the variance. In the 21-y-old subjects (Table 5b ), 80 and 71% of the variances in TEE and AEE, respectively, were explained by the independent variables gender, BW, sitting time, competitive physical activity, mother's education, and employment/military service, and the same independent variables except BW explained 56% of the variance in PAL. It is noteworthy that the associations with the mother's educational level were negative.
In additional multiple regression analyses (Table 6 ), 55 and 48% of the changes in TEE and AEE, respectively, between ages 15 and 21 y were explained by changes in sitting time, BW, height, regular training and employment between these years, while 43% of the variation in changes in PAL during this period was explained by changes in these same independent variables, with the exception of BW. 
Discussion

Methodological considerations
This longitudinal study addresses the physical activity and energy expenditure and their determinants in two welldefined cohorts of altogether 160 normal subjects between 15 and 21 y of age. At the age of 15 y, PAL and TEE were assessed in 374 randomly selected adolescents by means of an activity diary, validated by the DLW method (Bratteby et al, 1997b) . This validation showed that the activity diary provides close estimates in population groups, but not in individuals. At age 21 y, no validation was performed, which is a drawback. However, the same method with identical handling in all details was used and the same subjects were studied on the two occasions. This should ensure a high reproducibility of the assessments. It would also have been desirable to reinvestigate, at the age of 21 y, a majority of the participants from the study at age 15 y, but in reality only a subsample comprising 160 subjects could be re-examined. We found, however, no signs of bias in key variables (BW, height, TEE, AEE and PAL) measured at the 15-y examination that could be attributable to participation or not at age 21, indicating that these results from the subsample of 160 subjects may represent those of all adolescents studied at age 15 y. This paper now describes changes in the key variables in the subsample between the ages of 15 and 21 y. The mean values of weight, height and BMI of this subsample were at these ages in accordance with current Swedish reference values (Karlberg et al, 2001; AlbertssonWikland et al, 2002) .
The main findings in male and female subjects of both age groups in this study are high levels of physical activity and energy expenditure (cf. Black et al, 1996; Torun et al, 1996; Hoos et al, 2003) and a very close association between high activity levels and a short time spent sitting daily. Physical activity and energy expenditure in adolescents and young adults L-E Bratteby et al
Physical activity and energy expenditure
The high mean levels of physical activity and energy expenditure in the 15-year-olds are consistent with the findings that almost 90% of these adolescents expressed a positive attitude towards physical activity and sports, that almost all of them took part in physical education (Bratteby et al, 1998a) and that they frequently walked and cycled to and from school and carried out regular training. These findings are also in accordance with results of a WHO collaborative study (Marklund, 1996) undertaken during the same period as the present one in 1145 fifteen-y-old adolescents from all parts of Sweden. These adolescents were asked about the frequency and duration of physical training during leisure time that left them out of breath and sweating. In total, 79% of the boys and 59% of the girls in that study reported a frequency of such training of at least 2-3 times weekly, and 70 and 57%, respectively, spent at least 2-3 h training weekly at that level. When the subjects were 21 y old, we again noted high levels of physical activity and energy expenditure, in agreement with Varo et al (2003) , who found that among 15 member states of the EU, in subjects aged 415 y, Swedish inhabitants showed the lowest prevalence of sedentary lifestyle. The persistence of a high activity level in our study is, however, in contrast to the results of Engström (1989) and Telama & Yang (2000) , who report a decline in the level of physical activity from adolescence to early adulthood. The main reason for this discrepancy is probably that the estimates of physical activity in the above-mentioned studies were based on questions about participation in sports and other physical activities during leisure time, while the present results are based on estimates of total energy expenditure. In our study, also, questions were asked about exercise and everyday physical activities, but the results indicate, partly in agreement with Barnekow-Bergkvist et al (1996) , a more complex pattern of change than just a general reduction in activity habits from adolescence to early adulthood. Like Barnekow-Bergkvist et al (1996) , we found that significantly fewer subjects were members of a sports club and participants in strenuous activities at the age of 21 than at age 15 y, while participation in low to moderate regular training was significantly more common in early adulthood than during adolescence.
Correlates of physical activity and energy expenditure The terms determinant and correlate have often been used almost synonymously and without proper definition (Sallis & Owen, 1999; Sallis et al, 2000) . Strictly, the term determinant should be reserved for causal factors, preferentially identified in trials with an experimental, longitudinal design, and also with other important conditions (eg the strength of the association needs to be considered; Bauman et al, 2002) . Factors not identified as causal should most appropriately be named correlates. The variables significantly associated with physical activity and energy expenditure on the two occasions of the present study do not fulfil the criteria for casual factors and are consequently all referred to as correlates in this paper. Sitting time, however, was strongly associated with the dependent variables at both ages, and in addition the change in sitting time from age 15 to age 21 y showed strong correlations with the changes in physical activity and energy expenditure between these ages. This points towards a causal relationship. A close association between physical activity and sitting time was previously found in our study of the 374 fifteen-y-old adolescents (Bratteby et al, 1997b) and in a pan-European study of 15 293 men and women aged 15 y and upwards conducted by Martínez-González et al (1999) .
Regional differences in physical activity and energy expenditure at age 15 y Even though the adolescents from the two regions had grown up in families of quite different sociocultural settings, no significant difference was found in anthropometric measures or in the levels of physical activity or energy expenditure between the regions at 15 y of age. Furthermore, in multiple correlation analyses with PAL as the dependent variable and parental education and social class indicators as independent variables, no significant correlations were found. Nevertheless, the industrial region proved to be a significant correlate to high levels of physical activity and energy expenditure. Various environmental factors, not identified as individual correlates to PAL, TEE or AEE in the present study, might together have had an additive effect, expressed as the 'regional factor', in the regression analyses of the 15-year-old adolescents.
Regional differences in physical activity and energy expenditure at age 21 y At the age of 21 y, significant differences were found between the regions, with higher levels of TEE, AEE and PAL (except for PAL in male subjects) in the subjects from the IR compared to those from the UR. Between the ages of 15 and 21 y, the mean duration of daily sitting was reduced in both genders, and in the male subjects, there was also a decrease in the mean length of time in bed (Figure 1a and b) . These changes were most pronounced in the subjects from the IR (Figure 2a and b) and less significant in those from the UR. At age 21 y, both male and female subjects from the IR had, on average, two more hours to spend daily at different physical activities compared to 6 y earlier, owing to a shorter time sitting, and the male subjects of the IR had another hour each day to spend for such activities, because of their shorter time in bed. It seems obvious that the reduction in the duration of sitting between the ages of 15 and 21 y is largely associated with termination of school. This is not, however, the full explanation for the high levels of physical activity at age 21 y. Employment, also, was significantly correlated to high PAL values ( Table 5 ). The fact that among the 21-y-old subjects gainful employment was more common in those in the IR, while those in the UR more often were students, who had to spend much time sitting, is a plausible explanation for the higher levels of physical activity and energy expenditure found in the IR compared to the UR at the later age.
Sociocultural effects on physical activity
The inverse association between the mother's educational level and PAL, TEE and AEE of their 21-y-old offspring in this study diverges from the positive correlation generally found between the socioeconomic and/or educational status of parents and the physical activity level of their children (Engström, 1989; Mur de Frenne et al, 1997; Kristiansdottir & Vilhjalmson, 2001 ). Our research group found a positive correlation between physical activity level and parental education in a study of 8-and 13-y-old children (Sunnegårdh et al, 1985) , but no such significant association in the 15-yold subjects of the present study, and an inverse correlation was found in the 21-y-old subjects. Our analysis in this study, however, showed that a high educational level of the mother was significantly correlated to a long sitting time of their 21-y-old offspring. A high educational level of the mother might have an impact on the offspring's choice of career, with studies requiring a lot of sitting. The results of the present study and earlier ones illustrate that the influence of the educational level of parents on their offspring's physical activity is not a simple one, but seems at least to differ with respect to the age of the offspring and ethnic affiliation (Kimm et al, 2002) .
Concluding remarks
In male and female subjects living in two socioculturally very different regions, we have characterised the levels of physical activity and energy expenditure and identified their correlates in adolescence and early adulthood. During this period, a fairly uniform pattern of weekday activities dominated by much sitting is replaced after school age by a variety of duties and activities that differ between male and female subjects and between persons living in different sociocultural environments. After leaving school, many young people replace a significant part of the time spent sitting by activities demanding higher energy expenditure. This appears to be a major reason why the subjects of the present study maintained high levels of physical activity and energy expenditure between the ages of 15 and 21 y in spite of a tendency towards changing and in some respects less frequent physical activity habits during these years. The strong inverse association between sitting time and physical activity/energy expenditure indicates that interventions aiming at reduction of the daily time spent sitting might be a powerful way of increasing the levels of physical activities and energy expenditure in the population. It is not claimed, however, that the results of this study reflect the general level or habits of physical activity in Sweden as a whole. The differences in these variables found between subjects of different regions and sociocultural background indicate considerable variation in these respects within the country.
